whose activities correlate positively with the rate of de novo fatty acid synthesis. The activities of these enzymes are high in livers of well-fed animals and low in starved ones (Wakil et ul., 1983) . A number of nutritional and hormonal agents have been examined as regulators of the induction of various lipogenic enzymes including ME and G6PD (Goodridge, 1975 ; Yoshimoto et a[., 1983; Back et al., 1985 Back et al., , 1986 . There are several reports in the literature which describe the response of ME and G6PD to various hormones in primary cultures of chick and rat hepatocytes (Wilson & McMurray. 1981; Kurtz & Wells, 1981; Back et ul., 1986) . However, there is no detailed information available about the effects of glucagon, insulin and thyroid hormones on ME and G6PD in intact rats. The present study was designed to investigate the iri vivo role of glucagon, insulin and thyroid hormones in the regulation of ME and G6PD activities in rat liver.
The details of the male Sprague-Dawley rats used in this study, administration of various hormones, and the sampling of blood and liver have been outlined previously (Roesler & Khandelwal, 1987) . Insulin (10 u./day) and glucagon (0.75 mg/day) were delivered by subcutaneously implanted osmotic minipumps (Alza, Palo Alto, California) for 7 days at a rate o f 1 p l / h and 10 ,ul/h. respectively. The control rats received the diluent alone. Glucagon antiserum (Radioassay Systems Laboratories, Inc., Carson. California) or control rabbit serum were diluted I / 1000 with phosphate buffered saline and were injected intrapcritoneally with 0.5 ml of diluted serum twice daily for two days. Some rats were made diabetic by a single intraperitoncal injection of strcptozotocin (80 mg/kg body wt.). After 5 days. half of the rats were injected subcutaneously with 7 u. NPH-insulin (Connaught Laboratories, Ontario, Canada) daily for 7 days and the second half were used as control. Tri-iodothyronine (T,, 25 ,ug/IOO g body wt.) was injected subcutaneously 48 h before Ahhreviation~ u d : ME. malic enzyme: G6PL). gluco\e-hphosphate dchydrogcnase; T,, tri-iodothyroninc: I'IXJ. jr-propylt hiouracil.
killing whereas n-propylthiouracil (PTU, 1 mg/ 100 g body wt.) was injected intraperitoneally for 10 days. The control rats received the appropriate hormone vehicle. Preparation of liver homogenates and determination of ME and G6PD activities were done as described by Angel & Back ( 198 1 ). Plasma glucose, insulin and glucagon were determined by methods described previously (Roesler & Khandelwal, 1987) .
The effects of various hormone treatments on levels of plasma glucose, insulin and glucagon are shown in Table 1 . Insulin infusion stimulated both ME and G6PD activities. whereas glucagon infusion suppressed ME activity (Table 1 ) . Conversely, administration of glucagon antiserum elevated ME activity without altering G6PD activity. Insulin supplementation to rats made diabetic caused a marked rise in G6PD as compared to ME. T3 injection caused a sixfold increase in ME and a twofold increase in G6PD activity. Diabetes and hypothyroidism (induced by PTU injections) did not significantly alter ME and G6PD activities under the conditions of this study.
Thyroid hormones stimulated ME, whereas glucagon infusion suppressed it. Furthermore, administration of glucagon antiserum caused a rise in ME activity. Previous reports have shown that glucagon blocks the stimulation of ME caused by insulin and T3 in chick embryo hepatocytes (Goodridge & Adelman, 1976; Siddiqui et ul., 1981) . This seems to be true in the intact rat also. Thyroid hormones and glucagon had little or no effect on G6PD, whereas insulin appears to be more sensitive to this enzyme. Yoshimoto et al. (1983) reported that glucagon and T, did not influence G6PD mRNA levels in adult rat hepatocytes; however, insulin caused 5-fold increase in G6PD mRNA. Hence, the changes in ME and G6PD activities that occur in culture appear to be similar to those that occur in vivo.
Glucagon, insulin and thyroid hormones seem to play important roles in regulating the synthesis of lipogenic enzymes in liver. The activities of lipogenic enzymes are low, and plasma glucagon levels are high in starved animals (Blackhard er a/., 1974; Wakil et a/., 1983). Since the secretion of glucagon is inversely proportional to the blood glucose concentrations, glucagon may be part of the signal in the blood that communicates the nutritional state of the whole animal to the liver. Glucagon has been shown t o inhibit the actions of T,; therefore, changes in plasma glucagon level under different nutritional states can determine the net effect of l 3 o n ME. The data indicate that (Ghl'll) in the adult rat
Milues shown are nieiins f s .~. M for the number o f animnls shown in parentheses, Statistically significant differences hetween hormone-treated and control rats are indicated. */'< 0.05; **I,< 0.01 and ***I,< 0.00 1 ; n.d.. not determined.
Control ( 7 ) Hyperinsulinaemia (9) Hyperglucagonaemia ( Control (7) Diabetic(9j Insulin-treated (7) Control ( Microsomes isolated from liver homogenates by differential centrifugation are a heterogeneous group of membrane vesicles. They derive mainly from endoplasmic reticulum, plasma membrane, Golgi and mitochondria1 membranes. Microsomes can be subfractionated on the basis of size and density by gradient centrifugation, but these are lengthy procedures and separations may be incomplete. Partition in dextran-polyjethylene glycol) aqueous phase systems is an alternative method for the fractionation of macromolecules, organelles and cells, and separates membranes on the basis of differences in their surface charge and composition 111. It has been shown that rough and smooth microsomal membranes have different partitioning behaviour in aqueous phase systems [2] . The toroidal coil centrifuge has been designed for use with polymer phase systems to obtain multiple extractions rapidly and in a continuous flow mode. When whole rat-liver homogenate was fractionated by toroidal-coil phase partition [ 31, the endoplasmic reticulum was well separated from plasma membrane and showed a bimodal distribution. It was therefore of interest to use the technique to subfractionate a microsomal preparation.
A phase system was prepared containing 3.3% (w/w) dextran T 500, 5.4% (w/w) poly(ethy1ene glycol) 6000, 0.25 M-sucrose, 0.05 mM-EDTA disodium salt, 1 mMethanol and 1 0 mM-sodium phosphate buffer, pH 7.4 [41. Microsomal membranes were isolated from adult female Wistar strain rats. Liver tissue (2 g) was minced and disrupted in a Dounce homogenizer in ice-cold 0.25 M-sucrose containing 1 mM-EDTA disodium salt, pH 7.4 and 20 mMethanol with 20 strokes of loose-fitting (type A ) pestle and 20 strokes of tight-fitting (type B) pestle. A microsomal fraction was prepared from this homogenate by differential centrifugation [ 5 ] and was resuspended in 5 ml of upper phase with a Dounce homogenizer. A sample ( 1 ml) of this preparation was loaded on to a toroidal-coil centrifuge for two-phase fractionation [3] and 0.15 ml of 0.25 M-sucrose was addcd'to the collected fractions ( 1 ml).
The distribution of endoplasmic reticulum in the fractions was determined by assaying the following marker enzymes in duplicate: neutral a-D-glucosidase (EC 3.2.1.20); NADPH cytochrome c reductase ( E C 1.6.2.3) [ 6 I and glucose-6-phosphatase (EC3.1.3.9) [7] . The distribution of RNA [8] was also determined. The recoveries were 70-100%. The averaged distribution profiles from two to three experiments are shown in Fig. 1 . Material partitioning into the top phase elutes early in the extraction chain, whereas that found at the interface or lower phase elutes in the later fractions. The profiles of the endoplasmic reticulum marker enzymes all show a bimodal distribution, a sharp peak with high partition and a broad peak containing material of lower partition. RNA was located almost entirely in the high partition peak which 
